We have examined on the qualitative level the angular correlations of two particles produced in pp collisions. The effective model based on the dual description of Yang-Mills theory at finite temperature where the scalar (dilaton) field provides the flux-tube solution nearly phase transition is used. This can explain the formation of the "ridge" structure in two-particle angular correlation function versus both the pseudorapidity ∆η and the azimuthal ∆ϕ differences. The shape of correlation pattern with ∆ϕ ≃ 0 depends on the form of the correlation function and on in-medium distortion which affect the "ridge" behavior.
In this paper, we examine the possibility that pp collisions with high rate of particle multiplicity can generate a "ridge", as well as the evidence for the quarkgluon phase when the emitted particles interact with the medium. For this we use the dual Yang-Mills (YM) theory (see, e.g., [6] ) at finite temperature accompanied by the evolution stochastic model of two-particle correlations [7] .
Color-electric flux.-It is known that the symmetry in (thermal) quantum chromodynamics (QCD) vacuum is not as simple one. For example, in the dual GinzburgLandau theory (see, e.g., [8, 9] and the references therein), the QCD is reduced to [U(1)]
2 gauge theory including color-magnetic scalar fields, where the latter group originates from the maximal torus subgroup of SU (3) .
At large distances the effective degrees of freedom are light hadrons, e.g., pions, and the corresponding effective theory is based on spontaneously broken chiral invariance. On the other hand, another symmetry present in the chiral limit of QCD is the conformal (or scale) invariance which is broken explicitly by the scale anomaly.
At the LHC, two protons pass each other in such a way they can exchange some color messengers, that leads to the connection between them by color strings embedded in the flux tube of color-electric fields. The messenger can be the "dual gluon"-the quanta of the magnetic gauge theory. Here, the confined phase of SU(3) YM theory is described by an effective theory coupling magnetic SU(3) dual gauge potentials C µ to three adjoint representation scalar fields (see the details in [6] ). The generating current confining the color-electric flux is due a scalar field (e.g., the dilaton field) squeezing in the field C µ (x), and it looks like [10 
, where G µν = ∂ µ C ν − ∂ ν C µ +G µν , andG µν is the Dirac-like string tensor. The coupling of C µ to the magnetically charged scalar fields generate color magnetic currents which confine electric flux to narrow tubes connecting a charge and anticharge.
In the paper we follow the scheme [11] where the electroweak (EW) symmetry breaking at the scale v = 246 GeV (the vacuum expectation value of the SU(2) doublet Higgs scalar field) is triggered by a spontaneous breaking of scale symmetry at an energy scale f ≥ v. In this scenario, one has new nearly conformal dynamics at a scale ∼ 4πf which can feed into an electroweak sector. The spectrum may contain an EW singlet scalar field χ(x), the dilaton mode, that is the pseudo-Goldstone boson of spontaneously broken approximate scale invariance. The dilaton becomes massless when the conformal invariance is recovered. In the extreme mixing scenario f = v, the dilaton itself is the Higgs-boson.
The dilaton fields χ(x) = φ(x) e i ω(x) are associated with not individual particles but the subsidiary objects in massive dual gauge theory. The solution for C µ (x) in terms of the dual gauge coupling g up to the divergence of local phase of the dilaton field, ∂ µ ω(x) looks like [10] 
At low temperatures β −1 = T the (finite) energy F (R, β) of the isolating string-like flux tube of the length R keeps growing as R (the string tension is unbreakable)
where m(β) is the mass of the C µ -field,μ is the infra-red mass parameter, a > 0 and b < 0. The flux is given in the form
which leads to the requirement that ω(x) can be varied by 2 π n, and the integer n is regarded as the winding number of the flux tube corresponding to the topological charge. Hence, the flux is quantized as a result of the condition Φ ∼ 2 π n/g. Within the differential form of the flux quantization condition [9] ∇ × ∇ω = 2 π n δ(x) δ(y) e z , where ω = n ϕ and ϕ is the azimuth around the z-axis, the phase of the dilaton field ω(x) becomes rather singular at the center of the flux. The effective theory is applicable at distances greater than the flux tube radius r ∼ m −1 (β). The dilaton fields vanish at the center of the flux tube and approach their vacuum value f (the scale of conformal symmetry breaking) at large distances. The profile of color-electric field E inside the flux is defined by the rotation of the dual field
where e z is the unit vector along the z-axis, and E z (r, β) in terms of r-radial coordinate (the distance from the center of the flux) is [10] :
The color-electric strings may be longitudinally stretched and at high temperatures they can break into the separate short pieces as m(β → β c ) → 0, where
c is the critical temperature T c ∼ O(200 MeV ). These short pieces (clusters) then can decay into observable particles, e.g., pions which are finally detected.
The flux solution forC(r, β) -field along the z-axis is finite at r → ∞, φ(r) = f , and has the following transverse behavior [10] :
Note, that at finite temperature
where δ 2 (0) is the inverse cross section of the flux tube. This cross section becomes large if m → 0. Hence, at high temperatures, the strings may be stretched also in radial (transverse) direction with r. The increasing of T can lead to spreading out of the color-electric flux where the lower bound on r is [2 κ m(β)] −1 . Thus, the strings can expand with r and may break into separate short pieces which then decay into observable particles. It turns out that string pieces move relativistically relative to each other and cannot exchange any messenger. We suppose that many flux tubes are chaotically occurred with different transverse size r ∼ m −1 (β), and they are distributed by an arbitrary manner inside the region surrounded by the dilaton fields.
Keeping in mind that the color-electric strings are mainly longitudinal objects the transverse movement of string pieces is due to transversely distorted dual gauge field. The transverse momenta of most of the strings are rather small. At high temperatures there will be a sufficient amount of transverse flow to provide the collimation around ∆ϕ = ϕ 1 − ϕ 2 ≃ 0. This effect becomes weaker at low T as seen in the CMS at small √ s. Angular correlations.-The correlation function R(∆ϕ, ∆η) defined in [1] in terms of azimuthal ∆ϕ and pseudorapidity ∆η separations between two particles is
where Λ is the signal faced to two-particle correlation normalized to two oneparticle distributions without correlations; ∆ϕ = ϕ 1 − ϕ 2 , ∆η = η 1 − η 2 , where
, and θ i being the polar angle of one of the particles (i = 1, 2). The function Λ is
where λ 1 (β) ≃ γ(ω, β)/(1 + α) 2 , and λ 2 (β) ≃ 2 α/ γ(ω, β);
Here, the function α = α(β) entering λ 1 and λ 2 , the measure of chaoticity, summarizes our knowledge of other than space-time characteristics of the particle emitting source, and it varies from 0 to ∞; n(ω, β) is the mean value of quantum numbers for particles with the energy ω in the thermal bath with statistical equilibrium at the temperature β −1 . The shape of the "ridge" depends on the structure of ∆ kℜ -space-time distribution in (2), while its amplitude -on the chaotic functions λ 1 and λ 2 which are strongly dependent on √ s, β and N.
The distribution of pions can be either far from isotropic, usually concentrated in some directions, or almost isotropic, and what is important that in both cases the particles are under the random chaotic distortion caused by other fields in the thermal medium. In formula (2) all of these features are embedded in both λ 1 and λ 2 . Actually,
ν is the smearing smooth dimensionless generalized function, where ℜ µν means the nonlocal structure tensor of the spacetime size, and it defines the region of emitted particles with four-momenta k 1 and k 2 .
We have already emphasized [7] that there are two different scale parameters in two-particle correlation physics. One of them is the correlation radius which gives the "pure" size of the particle emission source with no distortion and interaction forces coming from other fields. The other parameter is the stochastic scale of the production particle region where the stochastic, chaotic distortion due to environment is enforced. For practical using one can replace
is the stochastic measure of the space-time overlap between two particles with the mass M, and the physical meaning of L st depends on the fitting of R(∆ϕ, ∆η)-function (1). Taking into account the cylindrical symmetry of the flux around the collision axis and the longitudinal boost invariance, Λ(∆ϕ, ∆η) (2) becomes
where 
] is the four-velocity, where δ(
is the longitudinal source velocity (see [12] and references [11, 13] therein). The following condition (q · K) = 0 is evident. The parameters L T , L l , L 0 are invariant under longitudinal boosts and they can be considered to measure the pion source size of the freeze-out hypersurface. Specifically, L 0 measures the particle emission duration (lifetime) on which, according to some expectations, the effect of the first order phase transition may be observed.
Source structure.-In the case of two emitted pions the transverse size of the source is (n β M > 1, n = 1, 2...)
where
The scale L T is varied drastically from its maximal magnitude at small (but finite) T down to its minimum value at the temperature T close to T c above which one can expect a small amount of hadronic states. The analytic criterion constraining the existence of the quark-antiquark bound states at T > T c is obtained in [10] , where the Coulomb string tension for strongly interacting particles in the deconfinement phase increases with the strong coupling constant α 2 s T 2 , and at short distances the Coulomb potential has the linear rising. At high enough T > T c the scale L T increases sharply (explosion) and no hadronic states are already found.
The squeezing of L T (4) with T leads to decreasing of particles production rate probability. This means the suppression of high k T pions at high multiplicity which is the strong manifestation of the quark-gluon phase stage. It is supported by the interaction of outgoing pions with the medium in thermal bath (α(N, β) -dependence).
The "ridge" may appear as the smooth increasing of Λ-function in (1) . Because of the long flux-tube with the small transverse size L T the main contribution to the "ridge" is due to (3) with q 2 T → 0 (∆ϕ → 0). The increasing of T , k T and N events leads to the amplification of the "ridge" effect.
Conclusion.-We have studied on the qualitative level the "ridge" pattern in two-particle angular correlations. The effective model based on the dual description of YM theory near the phase transition accompanied by the stochastic model of two-particle correlations has been used. The main results are:
1. The color-electric flux occurred in pp collisions at high √ s may break into the separate pieces (clusters) of strings in high thermal medium close to the phase transition. The short color-electric strings decay into pions in radial direction r ∼ m −1 (β). 2. The string pieces move primarily in high temperature/density matter as a
